141 and 652 ww/cm2 for the white and blue lights, respectively.
The widespread use of phototherapy for neonatal jaundice has caused some concern since little is known about the cellular consequences of such treatment. The present study was undertaken to determine the effects of photoactivated bilirubin on the structure of purified deoxyribonucleic acid. DNA illuminated in the presence of bilirubin exhibited altered physical chemical properties as evidenced by (1) a changed thermal helix coil transition profile, (2) a sensitivity of the treated DNA to alkaline degradation, and (3) a limited depolymerization of single-stranded DNA. The above changes were observed with a total light dosage representing only 5% of that received by a newborn infant during a 24-hr period of phototherapy in our nursery.
Speculation
Photometric measurements were made with t h e 1~6 0 0~-p h o t o meter coupled to the IL600 photodensitometer manufactured by International Light, Inc. (13).
Initially for the determination of the physical chemical properties of the DNA, all excess bilirubin was removed either by passage of the DNA preparations through a Sephadex G-25 column followed by ethanol precipitation and extensive washing with ethanol or by shaking of the D N A solutions with CM-cellulose followed by centrifugation and ethanol precipitation of the supernatant fluids. In all instances, the control DNAs (free of bilirubin) were treated similarly. In subsequent experiments, excess bilirubin was not removed as it was found that such an excess in no way influenced the experimental results. Thermal helix coil transition profiles were defermined as described previously (6) on DNA redissolved in 0.015 M NaCl containing 0.0015 M sodium citrate. In view of the known relationship between ability to modify Sedimentation coefficients were determined in a Spinco model E cellular DNA and mutagenic and/or carcinogenic potential, the analytical ultracentrifuge equipped with an ultraviolet optical present results suggest that phototherapy is a complex process system. Solutions of D N A (0.003%) were spun at 50,740 rpm which may have potentially dangerous sequelae.
and pictures taken at 2-min intervals. The photographs were traced with a Joyce-Loebl Mark I11 B microdensitometer and sedimentation coefficients were calculated (10) . The banding properties of The effect of new environmental agents on child health is a DNA in gradients of CsCl were determined as .described by subject of considerable interest at the present time (2) . O f special M a d e l (7) . Portions of the DNA together with a reference concern are the long term effects of such agents and more specimen ( M . !vsodeikticus DNA, 1.731 g/cm3 or ~l o s t r i d i u m specifically their carcinogenic and mutagenic potentials which are perfringens DNA, 1.694 g/cm3) were placed in a CsCl solution believed to result from the ability of such agents to alter (density 1.70 &/cm3) and spun at 44,770 rpm for 24 hr. he bands intracellular DNA (3, 4, 8) .
1958, a new environmental agent formed by the specimens at their equilibrium postions were was introduced into the practice of pediatrics: high intensity photographed and traced as above. phototherapy for the treatment of hyperbilirubinemia in the neonate. Although no immediate or serious side effects of photo- were purchased from Miles Laboratories, Inc. and bilirubin from TEMPERATURE ("C) Sigma Chemical Co. The DNA was dissolved in 0.015 M NaCl Fig. 1 . Effect of illumination in the presence of bilirubin on the thercontaining 0.0015 M sodium citrate. Single-stranded DNA was mal helix coil transition profile of DNA. A: Calf thymus DNA was supprepared by heating these samples at loo0 for 6 min and then plemented either with bi!irubin (in dimethylsulfoxide, 0.7 mg DNAl0.33 immersing them immediately in an ice bath. The D N A solutions mg bilirubin) or dimethylsulfoxide. Portions of each solution were kept in were then supplemented either with dimethylsulfoxide (DMSO) or the dark while their companion solutions were exposed to blue lights for 4 bilirubin dissolved in DMSO. Portions of these solutions were kept hr (9.4 x lo' J/m2), whereupon excess bilirubin was removed, the DNA in the dark as controls whereas their companion solutions were precipitated with ethanol, washed, and redissolved in 0.015 M NaCl illuminated with a phototherapy unit utilizing either white lights containing 0.0015 M sodium citrate. 0 : DNA kept in dark (identical with (Dura-Test Vita Lite) or special high energy blue Westinghouse DNA exposed to light); x : DNA-bilirubin mixture kept in dark; 0, bulbs (F20T12-BB) which have a peak emission at 450 nm. The DNA-bilirubin mixture illuminated. B: M. lysodeikticus DNA was piocphototherapy unit was protected from direct sunlight and air essed as described above except that samples were illuminated for 6 hr with cooled to maintain samples at 23O. The sample distance from the white light (30,456 J/m2). @: DNA-b~lirubin mixture kept in dark (similar light sources was adjusted to maintain a fluence rate (at 450 n m j of to DNA controls), 0: DNA-bilirubin mixture exposed to light. DS: double-stranded (native) DNA; SS: single-stranded (heat-denatured) DNA. Solutions of DNA (1 mg per ml of 0.015 M NaCl containing 0.0015 M sodium citrate) were supplemented with bilirubin in dimethylsulfoxide (DMSO) such that the final concentraiions of DNA and bilirubin were 0.7 and 0.3 mg/ml, respectively. DNA specimens not receiving bilirubin were supplemented with DMSO only. Samples were either kept in the dark or exposed to phototherapy lights. Upon completion of the illumination, samples were processed for determination of physicochemical properties.
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RESULTS
single-stranded D N A to N a O H increased this effect even further
Illumination of D N A in the presence of bilirubin resulted in alterations of the shape of the thermal helix coil transition profile of the D N A and a decrease in hyperchromic shifts (Fig. 1) . These changes were seen with D N A of different base compositions; i.e., calf thymus and M. lysodeikticus DNAs have guanine + cytosine contcnts of 40% and 72%, rcspcctivcly. Sinlilar changes were not observed when the D N A was irradiated in the absence of bilirubin, or when D N A mixed with similar concentrations of bilirubin was kept in the dark.
Despite the changes in the thermal helix coil transition profile of D N A illuminated in the presence of bilirubin, there were no consistent alterations in other physical chemical properties; e.g., buoyant density and sedimentation coefficients. However, on several occasions the sedimentation coefficients of the D N A illuminated in the presence of bilirubin were slightly decreased. Thermal denaturation of the D N A followed by sedimentation analysis did not reveal "hidden breaks" which might have been stabilized by the double-stranded structure. Such hidden breaks bould have been evidenced by a significant drop in sedimentation coefficient after heating, because after heat denaturation the separated strands are much smaller. Such an effect was seen with the D N A sample exposed to N-hydroxyurethan (Table I) , an agent known to cause cleavage of phosphodiester linkages (9) .
Denaturation of D N A under alkaline conditions resulted in a proportionally greater decrease in the sedimentation coefficient of D N A illuminated in the presence of bilirubin when compared with control D N A with and without bilirubin but kept in the dark. This finding, which was also observed consistently with D N A of varying base compositions, suggests that upon illumination in the presence of bilirubin the D N A is modified in a subtle manner which is (Table 1) . (It can be calculated (5) that the decrease in sedimentation coefficient from 19.5 to 12.3 S which was observed upon illumination in the presence of bilirubin (Table I) corresponds to a 4. I-fold drop in molecular weights.)
DISCUSSION
The present findings demonstrate that the photoactivation of bilirubin has an effect on the structure of the D N A molecule in vitro. These structural changes are magnified when singlestranded, rather than double-stranded DNA, is exposed to the bilirubin before illumination. The more dramatic effects observed with the single-stranded molecule may be a result of structural factors such as the inability of the rather large bilirubin molecule to approach and/or react with specific bases in the double helix. Such steric factors are not present when "disorganized" or singlestranded D N A is exposed to the bilirubin molecule. A similar reaction might conceivably occur in vivo since at any one time a significant proportion of the D N A of living cells is in the singlestranded configuration.
The exact chemical nature of the reaction between photoactivated bilirubin and the D N A molecule remains to be elucidated. We have demonstrated that ( I ) this reaction occurs with illumination by visible light at 450 nm (considered by many the most effective wavelength for the treatment of neonatal jaundice), (2) the dosage of (450 nm) light utilized to produce these structural changes is minimal, e.g., approximately 7 x lo4 J / m 2 when compared with the dose received by a neonate in our nursery for a 24-hr period, i.e., ca. ( 1 1, 12) . These earlier findings, together with the present ones which suggest the existence of a photochemical reaction between D N A and bilirubin are somewhat disquieting, particularly when one considers that mutagens and chemical carcinogens derive their biologic activity from the ability to react with DNA. Our results suggest that phototherapy of neonates is a complex process which may generate a number of potentially dangerous genetic side effects.
S U M M A R Y
The widespread use of phototherapy in the treatment of neonatal jaundice is causing concern because little information is available on its effects on subcellular structure and function. The present study deals with the effects on the macromolecular structure of D N A illuminated in the presence of bilirubin. The results indicate a bilirubin-induced photodegradation of this biopolymer.
